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Method and apparatus for bone sensing
Abstract
The invention discloses an improved bone conduction sensor capable of use within a voice sound transmitting
apparatus. The bone conduction sensor is adapted for placement in the external auditory canal of the user in a
nonocclusive fashion. The bone conduction sensor has a contoured surface adapted-to fit against a wall of the
external auditory canal increasing the surface area contact between the bone conduction sensor and the wall
of the external auditory canal. The bone conduction sensor may also be associated with one or more contact
sensors adjacent the bone conduction sensor for determining contact between the bone conduction sensor
and the wall of the external auditory canal. In addition, the invention provides for the bone sensing element to
be separated from the circuit portion of the bone conduction sensor so that the circuitry may be removed to
the behind the ear portion of the earpiece.
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METHOD AND APPARATUS FOR BONE 
SENSING 
CROSS-REFERENCE TO RELATED 
APPLICATIONS 
This application is a continuation-in-part to U. S. patent 
application Ser. No. 09/587,743 ?led Jun. 5, 2000, Which is 
a continuation of U. S. patent application Ser. No. 09/309, 
107 ?led May 10, 1999 and issued as U. S. Pat. No. 
6,094,492 on Jul. 25, 2000. 
BACKGROUND OF THE INVENTION 
1. Field Of The Invention 
The present invention is a method and apparatus for bone 
sensing in a voice sound transmitting apparatus and system. 
2. Problems In The Art 
The present invention relates to improvements in bone 
conduction sensing particularly as they relate to use in a 
voice sound transmitting apparatus. Avoice sound transmit 
ting apparatus is disclosed in U. S. Pat. No. 6,094,492 to Dr. 
Peter V. Boesen, M.D. herein incorporated by reference in its 
entirety. To improve upon the voice quality, both a bone 
conduction sensor and an air conduction sensor are used. 
Processing can occur on the bone conduction sensor sensed 
signal and the air conduction sensor sensed signal in order 
to better determine the voice sound information and in order 
to block out ambient noise or other extraneous information 
that might be undesirable. The voice sound transmitting 
apparatus of Boesen places the bone conduction sensor 
Within the external auditory canal of a user in a manner that 
is nonocclusive. 
Despite these advancements and advantages, problems 
remain. 
In particular, prior art bone conduction sensors have a 
number of characteristics and limitations that limit their 
performance in the context of a voice sound transmitting 
apparatus. First, it should be apparent that a number of bone 
conduction sensors are dimensioned in a manner that pre 
cludes their use in a bone conduction sensing apparatus that 
?ts Within the external auditory canal of a user. This is 
particularly true Where the placement of the bone conduction 
sensor in an external auditory canal is nonocclusive. Where 
nonocclusivity is sought, reduced dimensions are preferred. 
A further problem With prior art bone conduction sensors 
is the shape of the sensor. The Applicants have found that in 
order to improve bone conduction sensing the bone conduc 
tion sensor should be shaped in a manner that improves the 
?t of the bone conduction sensor to the Wall of the external 
auditory canal in order to increase the surface area of the 
bone conduction sensor that contacts the Wall of the external 
auditory canal. Therefore, there are problems With the shape 
of current bone conduction sensors. 
A further problem identi?ed by the Applicants is the 
tendency of an earpiece containing a bone conduction sensor 
positioned in the external auditory canal to be displaced or 
dislodged over time. This degrades the quality of sound 
received from the voice sound transmitting apparatus. 
Thus, there are a number of needs not currently being 
addressed related to bone conduction sensing in a voice 
sound transmitting apparatus. 
Therefore, it is a primary object, feature, or advantage of 
the present invention to provide an apparatus and method 
Which improves upon the state of the art. 
It is another object, feature, or advantage of the present 
invention to provide an apparatus and method for bone 
conduction sensing. 
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It is a further object, feature, or advantage of the present 
invention to provide an apparatus and method for bone 
conduction sensing suitable for use in the external auditory 
canal. 
It is a further object, feature, or advantage of the present 
invention to provide an apparatus and method for bone 
conduction sensing Within the external auditory canal that is 
nonocclusive. 
As a further object, feature, or advantage of the present 
invention to provide an apparatus and method for bone 
conduction sensing that is capable of detecting When the 
bone conduction sensor has been displaced. 
Yet a further object, feature, or advantage of the present 
invention is to provide an apparatus and method for bone 
conduction sensing that provides for increased surface area 
contact. 
A still further object, feature, or advantage of the present 
invention is to provide an apparatus and method for bone 
conduction sensing that is small in siZe. 
Another object, feature, or advantage of the present 
invention is to provide an apparatus and method for bone 
conduction sensing that provides for improved sensor place 
ment Within an ear. 
A further object, feature, or advantage of the present 
invention is to provide an improved apparatus and method 
for bone conduction sensing suitable for use in a voice sound 
transmitting apparatus. 
A still further object, feature, or advantage of the present 
invention is an improved voice sound apparatus capable of 
compensating for a displaced bone conduction sensor. 
These and other objects, features, or advantages of the 
present invention Will become apparent from the speci?ca 
tion and claims. 
BRIEF SUMMARY OF THE INVENTION 
The present invention is an apparatus and method for 
improved bone conduction sensing. The present invention 
includes an improved bone conduction sensor that is siZed 
and shaped to nonocclusively ?t Within the external auditory 
canal of a user. The bone conduction sensor is further shaped 
to increase the surface area contact betWeen the external 
auditory canal Wall and the bone conduction sensor. Acircuit 
portion of the bone conduction sensor is positioned at a 
location remote from the bone conduction sensing element 
in order to reduce the siZe of the portion of the bone 
conduction sensor placed Within the external auditory canal. 
The bone conduction sensor also includes one or more 
contact sensors adjacent to the bone conduction sensor used 
to determine Whether the bone conduction sensor is in 
contact With the external auditory canal of the user. Further, 
the present invention provides for a separation layer that 
may be attached betWeen the bone conduction sensor and the 
external auditory canal in order to improve the sensing 
performance and to protect the Wall of the external auditory 
canal. 
The present invention includes an improved voice sound 
transmitting apparatus that uses the bone conduction sensor 
of the present invention. The bone conduction sensor is 
combined With an air conduction sensor placed Within the 
external auditory canal of the user. Additionally, the earpiece 
can include a speaker, a processor, and a transmitter. When 
the bone conduction sensor becomes displaced the one or 
more contact sensors can be used to communicate to the 
processor that the bone conduction sensor is displaced and 
the processor can then change the processing algorithm 
accordingly. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention is illustrated by Way of example 
and not limitation in the ?gures of the accompanying 
drawings, and references indicate similar elements and in 
Which: 
FIG. 1 is a diagram of a voice sound transmitting appa 
ratus of the present invention. 
FIG. 2 is a diagrammatic representation of the voice 
communication device of the present invention ?tted Within 
the external auditory canal of a user. 
FIG. 3A is a diagram of a prior art bone conduction 
sensor. 
FIG. 3B is diagram of the bone conduction sensor of the 
present invention ?tted against a Wall of the external audi 
tory canal. 
FIG. 3C is a diagrammatic representation of the bone 
conduction sensor of the present invention including the 
separation layer. 
FIG. 4A is a diagram of the present invention Where tWo 
contact sensors are in contact With the external auditory 
canal of the user. 
FIG. 4B is a diagram of the present invention Where the 
?rst of tWo contact sensors is in contact With the external 
auditory canal of a user. 
FIG. 4C is a diagram Where the second of tWo contact 
sensors is in contact With the external auditory canal of the 
user. 
FIG. 4D is a diagram Where a single contact sensor is used 
to determine Whether the bone conduction sensor is in 
contact With the external auditory canal of a user. 
FIG. 5A is a diagram of a prior art bone conduction sensor 
Where both the sensor element and the signal conditioning 
are located Within the external auditory canal of the user. 
FIG. 5B is a diagram of the present invention Where the 
bone sensor element is located adjacent the circuit portion of 
the bone conduction sensor. 
FIG. 5C is a diagram of the present invention Where the 
bone sensor element is located adjacent the circuit portion of 
the bone conduction sensor in an alternative position. 
FIG. 6 is a block diagram of the present invention. 
DETAILED DESCRIPTION OF THE 
INVENTION 
The present invention Will noW be described as it applies 
to an exemplary embodiment. It is not intended that the 
present invention be limited to the described embodiment. It 
is intended that the invention cover all modi?cations and 
alternatives Which may be included Within the spirit and 
scope of the invention. 
The present invention is an apparatus and method for 
improved bone conduction sensing. In particular, for 
improved bone conduction sensing siZed and shaped to 
nonocclusively ?t Within an external auditory canal of the 
user and for use With voice sound sensing. 
FIG. 1 is a diagram of a voice sound transmitting device 
10 of the present invention. The device includes an 
improved bone conduction sensor 12. In addition, the device 
includes an air conduction microphone 14 and a speaker 16 
all Within device 10 Which is adapted to be nonocclusively 
positioned Within the external auditory canal of a user. 
The bone conduction sensor 12 may be any number of 
types of sensors capable of vibration measurement. For 
example, the bone conduction sensor 12 may include an 
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accelerometer, such as a pieZoelectric accelerometer. Tests 
have shoWn that a pieZoelectric accelerometer is capable of 
sensing the desired vibrations. Alternatively, a quartZ sens 
ing element may be used, and other types of sensing 
elements capable of adaptation for sensing bone conduction 
vibrations. The present invention is in no Way limited to a 
particular type of vibration sensing. 
FIG. 2 provides pictorial representation of the earpiece 10 
of the present device positioned Within the ear of a user. The 
bone conduction sensor 12 is positioned adjacent the pos 
terior superior Wall of the external auditory canal 18. 
Although the present invention is in no Way limited to this 
particular placement of the bone sensor, this placement of 
the bone conduction sensor 12 provides for improved sens 
ing of vibrations associated With the mastoid bone. 
The present invention provides for the bone conduction 
sensor of the earpiece 10 to have an improved shape. FIG. 
3A shoWs the shape of a prior art bone conduction sensor. 
FIG. 3B shoWs an improved bone conduction sensor. The 
improved bone conduction sensor is shaped to more closely 
?t or contour a Wall of the external auditory canal, such as 
the posterior superior Wall. The ?t of the bone conduction 
sensor 12 increases the amount of surface area contact 
betWeen a sensing element Within the bone conduction 
sensor and the Wall of the external auditory canal. This 
increased surface area results in improved operation of the 
sensor as the quality of the transmitted vibrations that are 
received is improved. In addition, the Width of the bone 
conduction sensor protruding into the external auditory 
canal is reduced permitting an earpiece to be smaller in siZe 
and more nonocclusive. This results in a number of advan 
tages including improved quality of the air conduction 
signal, improved quality of output from a speaker disposed 
Within the external auditory canal, increased comfort for a 
user, and reduced likelihood of displacement of the bone 
conduction sensor. 
FIG. 3C discloses the bone conduction sensor 12 of the 
present invention With a separation layer 20. The separation 
layer 20 may be a ?lm or screen or other barrier. The 
separation layer is silicone, rubber or plastic or other mate 
rial that permits transmission of vibrations. The separation 
layer is attached to the bone conduction sensor and is 
adapted to be ?tted directly to the Wall of the external 
auditory canal. The separation layer is capable of conveying 
vibrations at the Wall to the bone conduction sensor. The 
separation layer 20 provides advantages of improved vibra 
tions received at the bone conduction sensor While still 
maintaining separation. The separation layer alloWs the 
effective surface area for bone vibration pickup to be 
increased When the separation layer extends beyond the 
bone conduction sensor itself. The separation layer is pref 
erably an electrically insulating material. This provides 
several advantages. One advantage is in the bone sensing. 
The body of a user can give off electrical impulses that can 
affect the operation of the bone conduction sensor. Although 
signal spikes and other effects of these electrical impulses 
can be compensated for in signal processing, the separation 
layer also serves to eliminate the effect of these electrical 
impulses. This separation layer can also protect the user 
from the effects of an electrical impulse generated by the 
bone conduction sensor. This separation layer also can result 
in a more comfortable ?t for a user and can make a 
contoured bone conduction sensor more easily custom ?t to 
a user’s external auditory canal While still maintaining a 
snug ?t betWeen the bone conduction sensor and the external 
auditory canal of a user for improved sensor pickup. 
FIGS. 4A through 4C illustrate a contact sensor of the 
present invention. It is advantageous to be able to detect 
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When the bone conduction sensor becomes dislodged or 
displaced, particularly in the context of the earpiece of the 
present invention. To monitor the placement or displacement 
of the bone conduction sensor 12, one or more contact 
sensors may be used. The present invention contemplates 
that the contact sensors may be contact sWitches, proximity 
sensors, pressure sensors, or other sensors capable of deter 
mining Whether all or a portion of the bone conduction 
sensor 12 is in contact With a Wall of the external auditory 
canal or to What extent the bone conduction sensor 12 is in 
contact With the Wall of the external auditory canal. As 
shoWn, the bone conduction sensor 12 is associated With a 
contact sensor 22A and a contact sensor 22B. The contact 
sensors 22A and 22B contact an external Wall of the auditory 
canal. In FIG. 4B, the bone conduction sensor With contact 
sensors is shoWn Where contact sensor 22A is not in contact 
With the Wall of the external auditory canal Whereas sensor 
22B is in contact With the Wall of the external auditory canal. 
Conversely, in FIG. 4C, contact sensor 22A is in contact 
With the Wall of the external auditory canal While contact 
sensor 22B is not in contact With the Wall of the external 
auditory canal. By monitoring the contact sensors 22A and 
22B, it is determined Whether or not the bone conduction 
sensor 12 has become displaced or dislodged. When one or 
more of the contact sensors are not in contact With the 
external Wall of the auditory canal, then it is knoWn that 
displacement has occurred. The present invention provides 
for compensation for displacement by altering the sound 
processing algorithm used by a processor in a voice sound 
transmission device. For example, Where both an air con 
duction sensor and a bone conduction sensor are used, the 
signal received from the air conduction sensor may be more 
heavily relied upon including solely relied upon once it is 
knoWn that the bone conduction sensor is displaced and may 
not be providing the desired signal. For example, if neither 
contact sensor 22A nor 22B is in contact With the external 
auditory canal, then the air conduction sensor can be relied 
upon exclusively. Alternatively, When one of the tWo contact 
sensors indicate there is contact, but the other contact sensor 
indicates that there is not, then the bone conduction sensor 
may be partially relied upon. When both contact sensors are 
indicating contact, then the bone conduction sensor may be 
considered to be functioning properly and normal processing 
can occur. The amount of force or pressure required to 
indicate that the bone conduction sensor is in contact With 
the external auditory canal may be dependent upon the siZe, 
shape, and Weight of the bone conduction sensor. HoWever, 
it has been found that the current bone conduction sensor 
requires only about 0.2 grams of contact Weighting When in 
full contact With an external auditory canal Wall for optimal 
function. 
The present invention also provides for a single contact 
sensor to be used as shoWn in FIG. 4D. In FIG. 4D, the 
contact sensor 22 is located at a central point With respect to 
the bone conduction 12, hoWever, the present invention 
contemplates that the contact sensor 22 may be located at 
other points, including at either end of the bone conduction 
sensor 12. 
In FIG. 5A and 5B, additional improvement of the present 
invention is disclosed. The present invention contemplates 
separating a bone conduction sensor into a bone sensor 
element 24 and a circuit portion. The circuit portion may be, 
but it not limited to a signal conditioning portion 26. The 
present invention contemplates that the circuit portion may 
contain other circuitry, including poWer conditioning, or 
other circuitry such as may be required or desirable for 
proper function of the bone sensing element Within the 
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context of a particular use and/or device. As shoWn in FIG. 
5B, the signal conditioning portion 26 may be remotely 
located or otherWise physically separated from the bone 
sensor element 24. The present invention further contem 
plates that the circuit portion may be located remotely in the 
behind the ear portion of an earpiece or other location that 
need not be immediately adjacent the bone conduction 
sensor. This provides an improvement in an earpiece of the 
present invention in that the siZe of that portion of the 
earpiece Which extends into the external auditory canal of 
the user is reduced. The resulting earpiece is nonocclusive to 
a greater degree, improving the voice sound quality of the 
earpiece device. 
FIG. 5C illustrates that the signal conditioning portion of 
the bone conduction sensor may be placed adjacent to the 
bone sensor element in a side-by-side con?guration. This 
position is advantageous over the bone sensor of FIG. 12 in 
that it reduces the amount of intrusion into the external 
auditory canal. The present invention contemplates other 
placements of the signal conditioning portion of the bone 
conduction sensor adjacent to and remote from the bone 
sensor element. 
FIG. 6 is a block diagram of the present invention. In FIG. 
6 both an air conduction sensor 14 and a bone conduction 
sensor 12 are electrically connected to a processor 28. The 
bone conduction sensor 12 is an improved bone conduction 
sensor of the present invention. A speaker 16 may also be 
electrically connected to the processor 28. A transmitter 30 
is electrically connected to the processor 28 as is a receiver 
32. The transmitter 30 and receiver 32 may be respective 
portions of a transceiver 34. The processor 28, transmitter 30 
and receiver 32 may be located Within the housing of the 
earpiece 10. 
The processor 28 may receive both an air conduction 
signal from the air conduction sensor 14 and a bone con 
duction signal from the bone conduction sensor 12. In 
addition the processor can receive a signal from a contact 
sensor. In this manner the processor 28 can determine an 
algorithm to apply to the received signals. For example, if 
contact sensor 22 indicates that the bone conduction sensor 
12 is not in proper position for bone conduction sensing of 
voice sound information, then the processor 28 can rely 
upon the signal from the air conduction sensor 14. In this 
manner, the processor 28 can compensate for displacement 
of the bone conduction sensor 12. 
It should be apparent that the present invention contem 
plates numerous variations in the materials used for the ?lm 
barrier, placement of the pressure sensors, the number of 
pressure sensors, the location of the signal conditioning 
circuitry of the bone conduction sensor, and other variations. 
These and other variations are Within the spirit and scope of 
the invention noW claimed. 
What is claimed is: 
1. Abone conduction sensor for placement in an external 
auditory canal comprising: 
a bone sensing element having a contoured surface 
adapted to ?t against a Wall of the external auditory 
canal increasing the surface area contact betWeen the 
sensing element and the Wall of the external auditory 
canal; 
at least one contact sensor adjacent the bone sensing 
element for determining contact betWeen the bone 
sensing element and the external auditory canal; and 
a circuit portion electrically connected to the sensing 
element and the at least one contact sensor for deter 
mining Whether the bone sensing element is in proper 
US 6,754,358 B1 
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position and compensating for the position of the bone 
sensing element When not in proper position. 
2. The bone conduction sensor of claim 1 Wherein the 
circuit portion is physically adjacent the bone-sensing ele 
rnent. 
3. The bone conduction sensor of claim 1 Wherein the 
bone sensing element is a pieZoelectric element. 
4. The bone conduction sensor of claim 1 Wherein the 
bone sensing element is adapted to ?t against the posterior 
superior Wall of the external auditory canal. 
5. An earpiece for nonocclusive placement in an external 
auditory canal comprising: 
a housing; 
a bone conduction sensor mounted to the housing for 
nonocclusive placement in the auditory canal having a 
contoured surface adapted to ?t against a Wall of the 
external auditory canal increasing a surface area con 
tact betWeen the bone conduction sensor and the Wall of 
the external auditory canal; 
an air conduction sensor adapted for nonocclusive place 
rnent in the auditory canal mounted in the housing; 
at least one contact sensor adjacent the bone conduction 
sensor for determining contact betWeen the bone con 
duction sensor and the Wall of the external auditory 
canal; 
a circuit portion disposed Within the earpiece and electri 
cally connected to the bone conduction sensor, the air 
conduction sensor, and the at least one contact sensor; 
and 
the circuit portion adapted for determining Whether the 
bone conduction sensor is in proper position based on 
a state of the at least one contact sensor. 
6. The earpiece of claim 5 Wherein the at least one contact 
sensor includes a ?rst contact sensor and a second contact 
sensor arnounted adjacent the bone conduction sensor. 
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7. The earpiece of claim 5 further comprising a separation 
layer attached to the bone conduction sensor and adapted to 
be ?tted directly to the Wall of the external auditory canal 
and capable of conveying vibrations at the Wall to the bone 
conduction sensor. 
8. The earpiece of claim 7 Wherein the separation layer 
comprises a material selected from the set including rubber, 
plastic, ?lrn, rnetal ?lrns silicone, and an electrical insulator. 
9. The earpiece of claim 7 Wherein the separation layer 
has a surface area adapted for contacting the Wall of the 
external auditory canal greater in siZe than the surface area 
contact of the bone conduction sensor. 
10. The earpiece of claim 5 further comprising a sound 
processor electrically connected to the bone conduction 
sensor and the air conduction sensor and disposed Within the 
housing. 
11. The earpiece of claim 5 further comprising a processor 
electrically connected to the bone conduction sensor and the 
air conduction sensor and disposed Within the housing; and 
the at least one contact sensor electrically connected to the 
processor. 
12. A method of bone conduction sensing cornprising: 
transmitting a bone conduction vibration signal at a Wall 
of the external auditory canal through an insulative 
conductive layer; 
sensing a bone conduction vibration signal at the insula 
tive conductive layer With a sensing element; 
conveying the sensed bone conduction signal to a position 
removed from the external auditory canal; 
monitoring the position of the bone sensing element using 
at least one contact sensor; 
selectively processing the sensed bone conduction signal 
based on a state of the at least one contact sensor. 
